Abstract: Sustainable food production and consumption are currently key issues. About one third of food produced for human consumption is wasted. In developed countries, consumers are responsible for the largest amount of food waste throughout the supply chain. The unwillingness to purchase and consume suboptimal food products is an important cause of food waste, however, the reasons behind this are still insufficiently studied. Our research addresses the question of how combinations of color, shape and damage of apples influence consumer liking and perceived sensory attributes. In a laboratory study based on factorial design of visual appearance (color, shape and damage varied from optimal to suboptimal) a total of 130 consumers evaluated sensory perception of flavor and texture attributes in apple samples. Liking was also evaluated. The results showed a significant difference in liking between an optimal apple and all apple categories with at least two out of three suboptimal properties. Further, it was a clear trend that the optimal apple was perceived as sweeter, crispier, less bitter, and less earthy than all the other apples by the participating consumers, however, the results were not statistically significant. A suboptimal appearance, therefore, had a negative effect on both perception and liking.
Introduction/Background
Sustainable food production and consumption are currently key issues of today. Food waste reduction initiatives and programs have received increased attention in both science and society during the past decade, and research has given more attention in recent years to wastage in production [1] . About one third of food produced for human consumption is wasted throughout the supply chain [2] . A quarter of crops in worldwide production and consumption has been found to be wasted or lost [3] . It is not possible to avoid all food waste; however, redistribution or conversion of food to animal feed is generally considered less favorable than avoiding food waste. Developed countries typically produce a lot of wastage at the end of the supply chain whereas developing countries have a larger amount of loss in the earlier stages due to supply chain inefficiencies [4] .
It has been found that 15% of all fresh and consumer-friendly food is discarded before it becomes available for sale in supermarkets/stores [5] , and producers of fruits and vegetables discard up to 30% because of aesthetic imperfections, meaning that a lot of food is wasted before entering the supermarkets [6] . As an example, of the approximately 30,000 tons of apples produced in Sweden, 7-10% is wasted each year; this does not include all the fruit that is wasted in peoples' gardens. Wastage is partly due to products being discarded because they do not comply with tight international trade regulations and standard specifications for size, weight, shape etc. Foods that do not fulfill these standards are either processed into other products or, unfortunately, wasted in the supply chain due to the belief that consumers do not want to purchase or consume such products [7] . Therefore, knowledge about consumer liking and perception is of importance in order to avoid food waste.
For sustainability to increase, our consumption patterns need to change [8] . An unwillingness to purchase and consume imperfect food products is thought to be an important cause of food waste [7, 9] , however, the reasons behind consumer-related food waste have been insufficiently studied. In a purchase situation, the consumer most often cannot evaluate the whole product prior to purchase, but instead has to rely on the information given-if any-and what can be interpreted from the appearance. If consumers would be more willing to buy and consume products with minor defects, discoloration, unusual shape or other minor damage, this would surely reduce food waste. Consumer attitudes tend to vary depending on the type of defect; there is also a difference between being in a store situation and at home [3] . It has further been shown that red apples are more liked than green ones, and that red colored apples may be seen as more optimal than green [10, 11] .
According to the literature, there are three main categories of factors that consumers find relevant concerning the visual appearance of apples: (1) Color, (2) shape and (3) physical form/damage [12] [13] [14] . These characteristics affect the purchase intentions of consumers, but only if they deviate significantly from the norm and may be perceived as suboptimal [10, 14] . These three main categories are of importance when studying the perception of optimal and suboptimal apples. This research aims to evaluate how combinations of color, shape and damages influence consumer liking and perceived sensory attributes. From a sustainability perspective, the overall goal is to increase the awareness of consumers' perceptions of suboptimality.
Material and Methods
Two slices of randomly selected and peeled apples were served to the participating consumers while they were looking at picture collages of apples, where each collage represented a specific combination of the visual three-dimensional aspects of color, shape and damage, i.e., collages that differed in suboptimality. The randomly selected taste samples were assessed by the consumers with respect to liking and perceived sensory characteristics. For each of the eight pictures, two new slices of the randomly selected apples were served, thus, each consumer participated in eight trials to assess the eight combinations of pictures and apple slices. The assumption was that there would not be any differences in either liking the apples or how they were perceived.
The study took place in 2017 at the Dept. of Agrifood and Bioscience, RISE-Research Institute of Sweden in Gothenburg. A random sample of 130 Swedish consumers (68% (n = 88) women, 32% (n = 42) men) aged between 20-80 years (mean 50 years) participated in the study. The inclusion criteria were open except that the participants had to regularly purchase and/or eat apples. Background data were collected. Participation was anonymous and voluntary; ethical review was not required in this study according to the Swedish Ethical Review Act (SFS 2003:460) [15] .
The study was based on a cubic full factorial design of visual appearance (color, shape and damage) presented in a total of eight samples, each consisting of a combination of pictures in a collage describing the optimality-suboptimality. The categories were ranging from optimal to suboptimal in all three dimensions (based on combinations of color (red-to-green), shape (normal-to-odd), and damage (none-to-damage). The design is presented in Table 1 and visualized in Figure 1 . The picture collages consisted of combinations of pictures for each category and were combined with the tasting of eight randomly selected apples. The apples served as taste samples, were all cultivated in Sweden and of different cultivars. They were peeled, sliced, mixed up and served, one at a time, in random order, in three-digit coded cups together with one picture combination of apple categories from the cubic design, also marked with the three-digit code. The amount of the taste sample was approximately one quarter of an apple, divided into two slices per serving. The consumers were told to eat Sustainability 2019, 11, 4626 3 of 9 a part of or the whole serving. Consumer perception was using the following thirteen flavor and texture attributes: Mealiness, dryness, juiciness, crispiness, chewiness, tastefulness, tastelessness, sweetness, acidity, bitterness, earthiness, spiciness and freshness. These attributes were based on former descriptive sensory analyses performed by Smaka Sverige, a national compilation report completed by Jordbruksverket (The Swedish Board of Agriculture) in 2015 [16] . Table 1 . The eight apple categories included in the study according to a cubic design. Color: 0 = red (optimal), 1 = green (suboptimal). Shape: 0 = normal (optimal), 1 = odd shaped (suboptimal). Damage: 0 = no damage (optimal), 1 = damage (suboptimal). Figure 1 . Visualization of the cubic design of the visual design factors: Appearance (color (red-togreen); shape (normal-to-odd); damage (none-to-damage) with a total of eight combinations ranging from optimal to suboptimal in all three dimensions.
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The assessments of the attributes with no further descriptions than given above were performed on a self-instructive questionnaire by all consumers on a 7-point scale ranging from "does not exist" (= 0) to "exists to a large extent" (= 6). Further, the liking of each apple slice was assessed on a 7-point hedonic scale ranging from "dislike extremely" to "like extremely" [17] .
Statistical Evaluation
The statistical evaluation was performed using MATLAB (MathWorks, Natick, MA, USA). We performed a multiple comparison test using one-way Analysis of Variance (ANOVA) in conjunction with a Tukey-Kramer multiple comparison test (i.e., the Tukey honest significant difference criterion) at the 0.05 significance level to assess how appearance attributes (i.e., color, shape, and damage) influence liking. Further, we performed the same ANOVA and Tukey-Kramer procedure for all the perceived sensory attributes. Note that these were one-way analyses using eight groups/levels instead of three-way analyses with the three appearance factors separate and two levels each. This is because we felt that this made the comparison easier to comprehend than a full (with interactions) three-way analysis and the significance of differences between apple categories remains the same. The outcome is an assessment of which differences between apple categories are significant with respect to liking and with respect to each sensory attribute separately. For the perceived sensory attributes, we add a Bonferroni correction for multiple comparisons because there are 13 identical statistical procedures performed (this entails effectively dividing the alpha = 0.05 value by the number of tests, i.e., 13). Inspection of within-group average values of liking and sensory attributes reveals the direction in which the significant differences point.
Results
From the sample of 130 consumers, 89% ate apples at least once a week and 76% ate apples every day or several times a week. All consumers had complete or partial responsibility for the grocery shopping in their household; 95% of the consumers lived in a medium to larger city in Sweden (> 50,000 inhabitants).
The results showed that there were no significant differences between any of the eight apple categories regarding how the consumers perceived the sensory attributes. Before the Bonferroni multiple comparison correction, there was one significant difference in perceived earthiness between the two apple categories (011) (red, odd shape, and damaged) and the most optimal apple [000], but not after. The lowest p-values for each sensory attribute separately were p = 0.8136 (mealiness), 0.8991 (dryness), 0.1813 (juiciness), 0.4133 (crispiness), 0.4994 (chewiness), 0.1878 (tastefulness), 0.5820 (tastelessness), 0.0672 (sweetness), 0.3269 (acidity), 0.0397 (earthiness), 0.2610 (bitterness), spiciness (0.5806), and 0.0544 (freshness). Note that a p-value would need to be lower than 0.05/13 = 0.0038 to be judged significant in this procedure. The results also indicated that the optimal apple category (000) was perceived as the sweetest, crispiest, least bitter, and least earthy of all categories; however, these results were not significant at the 0.05 level. In addition, the results indicated that the most bitter apple category was (111) (green, odd shape, and damaged) and that green apples were generally perceived as less sweet; however, these results were also not significant.
The sensory profiles for the random apples tasted in combination with the picture of each apple category are presented in spider diagrams, Figure 2 ; Figure 3 , separated by texture and flavor/taste attributes.
The mean values of liking are shown in Table 2 . All eight categories of apple were rated above average on the 7-point hedonic scale and the most optimal apple (000) was the most liked. The multiple comparison test indicated that all apples with at least 2 out of 3 suboptimal properties (i.e., (011), (101), (110), and (111)) had significantly lower liking scores (p = 0.0034, 0.0010, 0.0480, and 0.0140, respectively) than the most optimal apple (000). No significant differences were found between the most optimal apple and apples with only one suboptimal property. The apple samples served randomly, implied that there should be no significant, true differences between the apple categories. The fact that there were some significant differences with respect to liking indicates that appearance has a significant impact on sensory perception. The mean values of liking are shown in Table 2 . All eight categories of apple were rated above average on the 7-point hedonic scale and the most optimal apple (000) was the most liked. The multiple comparison test indicated that all apples with at least 2 out of 3 suboptimal properties (i.e., The mean values of liking are shown in Table 2 . All eight categories of apple were rated above average on the 7-point hedonic scale and the most optimal apple (000) was the most liked. The multiple comparison test indicated that all apples with at least 2 out of 3 suboptimal properties (i.e., between the most optimal apple and apples with only one suboptimal property. The apple samples served randomly, implied that there should be no significant, true differences between the apple categories. The fact that there were some significant differences with respect to liking indicates that appearance has a significant impact on sensory perception. 
Discussion
This research addressed the question of how combinations of different visual aspects of color, shape and damage of apples influence consumer preferences and perceived sensory attributes. Consumers today have a continuously large range of appealing fruits to choose from in the supermarket, always fresh. Cultivation development and global trade restrictions have resulted in most products looking the same due to tight specific standardizations and with the assumption that this is what consumers want. However, as already stated in the introduction, this causes considerable food waste and assumed consumer preferences are responsible for the largest share of food waste in Western countries [18] .
The design of this research included eight different pictures with collages of apples, each representing a specific combination of the visual three-dimensional aspects of color, shape and damage. The pictures with each apple category were presented and served with randomly selected apples. The consumers' task was to evaluate sensory attributes of the randomly served apples while looking at the picture collage with apples varying in suboptimality. Hence, sensory attributes were not expected to significantly differ between categories. However, it was a clear trend that the results indicated that the randomly served apple together with the picture of the most optimal apple category (000) was perceived as the sweetest, crispiest, least bitter, and least earthy of all the apple 
The design of this research included eight different pictures with collages of apples, each representing a specific combination of the visual three-dimensional aspects of color, shape and damage. The pictures with each apple category were presented and served with randomly selected apples. The consumers' task was to evaluate sensory attributes of the randomly served apples while looking at the picture collage with apples varying in suboptimality. Hence, sensory attributes were not expected to significantly differ between categories. However, it was a clear trend that the results indicated that the randomly served apple together with the picture of the most optimal apple category (000) was perceived as the sweetest, crispiest, least bitter, and least earthy of all the apple 3.8 * 001 served randomly, implied that there should be no significant, true differences between the apple categories. The fact that there were some significant differences with respect to liking indicates that appearance has a significant impact on sensory perception. Table 2 . Mean value for liking of the apples measured on a 7-point scale. * Significant difference (p ≤ 0.05) from the optimal apple category (000). 
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The design of this research included eight different pictures with collages of apples, each representing a specific combination of the visual three-dimensional aspects of color, shape and damage. The pictures with each apple category were presented and served with randomly selected apples. The consumers' task was to evaluate sensory attributes of the randomly served apples while looking at the picture collage with apples varying in suboptimality. Hence, sensory attributes were not expected to significantly differ between categories. However, it was a clear trend that the results indicated that the randomly served apple together with the picture of the most optimal apple category (000) was perceived as the sweetest, crispiest, least bitter, and least earthy of all the apple categories. However, even if the trend was clear, the results were not statistically significant. Further, randomly served apples together with pictures of green apples were perceived as less sweet, although neither of these results was statistically significant. The highest average score for bitterness was observed for apples served together with a picture showing the category with a combination of green color, odd shape, and damage (111) indicating that visual appearance influenced perception. This is perfectly in line with Wendin et al. (2019) who showed that visual appearance, such as color and shape, has a great impact on the preference of strawberries [19] .
The data is scattered and some samples were perceived both mealy and juicy which might be considered contrasting. However, consumers are not trained and should not be compared to trained sensory panelists since consumers are less sensitive to differences between samples, as has been seen in other studies [20] . Jaeger et al. (1998) found that consumers considered mealiness a negative attribute for apples and associated it with an inferior texture [20] . Mealiness was also linked to a stale flavor and a less fresh apple. Bitterness was also generally a disliked attribute. In our research, all but one (110) of the significantly least liked apple categories received comparably higher scores for bitterness, meaning that the more liked apples scored lower for bitterness. These results are, however, not significant and all the apples in our study scored overall rather low in bitterness. The trend seen by Jaeger et al. (1998) was not seen for the attribute of mealiness in our data. Consumers might also struggle to notice attributes since one attribute can be easier to perceive or more dominant than others, e.g., when apples are perceived high in acidity this attribute is more dominant than mealiness, as presented by Jaeger et al. (1998) [20] . Regarding earthiness (or comparable stale flavor), some apple-category pictures scored higher than others but still scored high in liking; however, the lowest score of earthiness was, as discussed above, connected to the most optimal apple−picture category (000). Freshness has been shown to be a very important attribute for the consumer liking of apples [21] . The most liked apple in our study also scored highest in freshness, which supports the results of Péneau et al. (2006) [21] , closely followed by the apples with only shape suboptimality and the green apple. The lowest scores for freshness were seen for the random apple samples served with pictures of apples that were suboptimal due to damage, categories (101), (001) and (111).
As discussed by e.g., Harker et al. (2003) [22] , consumer preference is a combination of the experience of both flavor and texture, meaning that consumers are not (and should not be) trained in noticing differences between attributes; however, they know and should focus upon what they like and dislike. This means that attributes and liking scores are assumed to differ between consumers, which was also seen in our data. Harker et al. (2003) mention two groups of consumers, one group that prefers sweet and crispy apples and the other that prefers juicy and acidic apples [22] . This might also explain the high scores for the apple which was suboptimal only in color; some consumers appreciate the Granny Smith-like apples for their freshness, acidity and hard texture [23] , which might have affected their ratings. 89% of our consumers ate apples at least once a week and 76% every day or several times a week. Research by Péneau et al. (2006) [21] showed that consumers who ate less than two apples a week were more sensitive to appearance than more frequent eaters. Since our participants were frequent consumers, the visual effect might have been lower than if we had included only participants with less frequent apple consumption.
Generally, data showed that red apples were more liked than green apples, which has also been seen in previous research [10, 11, 24, 25] . In our data, green apples had to be combined with other suboptimal properties for the liking scores to be significantly affected. Damage also seems to significantly affect liking, which is similar to results by, e.g., de Hooge et al. (2017) [7] ; however, in our data this was first seen when combined with another dimension. De Hooge showed that an apple with a brown spot had low purchase intention and only 21% of the consumers would eat the apple if they had it at home [7] . Similar results were seen by Aschemann-Witzel et al. (2017) [26] where consumers simply did not like products in supermarkets that they assumed would be wasted in their homes (and therefore a waste of money). Willingness-to-pay and purchase intention were not measured in this study, but other studies have shown [7, 27] that consumers are generally positive to price reductions of suboptimal products, meaning that the acceptance of such products is connected to reduced prices, with the conclusion that suboptimal products are seen as products with lower value. Neither color, odd shape nor damage individually had a significant negative effect on liking in our study since the mean values were close to the liking score of the most optimal apple. However, the randomly served apples in combination with pictures of damaged apples tended to be perceived as less crispy, less tasteful, less sweet, less acidic and with less freshness and instead, with an earthier flavor and a more bitter taste. Crispiness has been shown to be the most critical of attributes for liking regarding apples [11, 25] . As for purchase intention, shape abnormalities of fruits and vegetables have been shown to have a negative impact since consumers think that odd shapes imply lower quality products [13] . It can be assumed that consumers in our study would have a lower purchase intention for the apples with at least two suboptimal dimensions since they generally received lower scores in the sensory profiling.
Conclusions
Consumers evaluated the sensory attributes of apples with different grades of visual suboptimality as not significantly different; however, liking differed significantly between the apples, where the apples with no or low visual suboptimality had the highest scores. It can be concluded that visual appearance of color, shape and damage has a significant impact on consumer liking. From a sustainability perspective, the awareness of suboptimality needs to increase among consumers and along the food supply chain. 
